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Abstract

:

Six terrestrial biomes and a huge coastline make Brazil one of the most biodiverse countries in the world. However, the potential of Brazilian biodiversity as a valuable and sustainable source of wealth and development is still neglected. In order to reverse this scenario, the country needs to recognize and assume the power of its biodiversity, focusing on (I) industry, science and technology, (II) biological conservation and maintenance of ecosystem services, considering reverberations on agriculture and public health, and (III) ecotourism, conservation and sustainable development of local populations. The joint action of the Brazilian population and scientific community is needed to achieve these goals, which must be translated into the election of politicians committed to sustainable development and an increase in research and technology based on Brazilian biodiversity. Additional reasons for preserving Brazilian biodiversity (e.g., intrinsic, cultural, and ethical values) are also addressed in this article. Finally, we argue that Brazil should recover its global leadership on the environmental agenda and assume its biological diversity as a source of Soft Power, as well as develop its neglected capacity in the field of the sustainable bio-based economy (bioeconomy). In brief, Brazil needs to recognize and embrace the power of its biodiversity.
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1. Introduction


Brazil is a rich country in several aspects. Brazil’s Gross Domestic Product (GDP) is among the largest in the world, being precisely the 12th in the 2020 GDP World Ranking [1]. The Brazilian territory is commonly referred to as ‘continental proportions’, being the world’s fifth-largest country with a total area of 8,515,770 km2, having the second largest forest area in the world, and abundant natural resources such as minerals, oil, and water. Of note, 12% of the world’s freshwater resources are located in Brazil, mostly in the Amazon Basin [2]. Also following superlative terms, Brazilian biodiversity is the richest in the world [2,3], being distributed along a coastline with approximately 8500 km in extension [4] and six terrestrial biomes: Amazon (tropical rainforest), Caatinga (semi-arid vegetation), Cerrado (savanna-like vegetation), Pantanal (wetlands), Atlantic Forest (system of forests and ecosystems under the influence of the Atlantic Ocean) and Pampa (grasslands), each of them with very specific characteristics in terms of landscape, geomorphology, soil, fauna, and flora. The levels of endemism are high in the country [5,6,7], and Brazil harbors ~15% of all living species on Earth [8]. The Brazilian coastline also has high biodiversity, being considered the ‘Blue Amazon’. Marine and coastal resources contribute 19% to Brazil’s GDP [9]. The country has a robust deforestation monitoring system coordinated by the National Institute for Space Research [10] with public data available online (http://terrabrasilis.dpi.inpe.br/, accessed on 18 June 2022), one of the world’s largest amounts of protected areas (~18% of the terrestrial territory, considering the six biomes), and advanced environmental protection laws [2,7].



On the other hand, persistent and structural problems in Brazilian society, such as racism, gender inequality, lack of environmental sanitation system, transportation problems, unemployment, difficulties in health access, political corruption, violence, and failures in the basic education system [11,12,13,14] contribute to the country’s monetary well-being being concentrated in a small portion of the population, making Brazil one of the countries with the highest indices of social inequality in the world [15]. In other words, Brazil is not a poor country. In fact, Brazil is a very rich country in different aspects, but it is inhabited by a majority of poor people [16].



Inequalities in access to environmental services, the disparity between policies announcement and implementation, and insufficient qualified human resources to work on environmental issues expand Brazil’s social problems to the biodiversity sphere [2]. In this sense, the lack of professionals to explore Brazilian biodiversity (e.g., taxonomists) is a critical problem in Brazil. As a result, many terrestrial taxa and marine systems are poorly studied or remain unknown [5]. It is also necessary to expand the study of biodiversity considering its various multidimensions (i.e., taxonomic, functional and phylogenetic) and complexities [17].



During the current federal government (2019–2022), the problems affecting the distribution of wealth in Brazil are added to the weakening of environmental protection laws and agencies, including the National Indigenous Peoples Foundation (FUNAI), resulting in the encouragement of illegal activities (e.g., mining, logging) in places such as Indigenous lands and protected areas, and leading to environmental degradation and serious conflicts between illegal workers and Indigenous Peoples [18,19,20].



The legislation-based mandatory maintenance of a fixed proportion of native vegetation in private properties (Legal Reserves) is threatened, particularly by the agribusiness sector [7]. In Brazil, the agribusiness sector (soy, sugarcane, cattle ranches, and meatpacking conglomerates) still shape the bio-based economy (‘biomaterials bioeconomy’ [21]). It is an organized group with a powerful parliamentary representation, threatening the interest of small farm producers and sustainable development strategies outside the scope of major agribusiness players and also making room for continuous land-use changes in the country, especially deforestation [22,23,24]. Only behind the USA, Brazil is the second-largest biofuel (e.g., sugarcane-derived ethanol) producer in the world, putting biofuel as the leading product of the bioeconomy sector in the country, exemplifying the strong connection of current Brazil’s bioeconomy with intensive agricultural practices and agribusiness [25]. The environmental agenda of the 2019–2022 federal government (led by Jair Bolsonaro) showed a number of other sensitive actions, including incentives for agriculture and livestock expansion, reduction in funds for forest inspection, facilitation for the use of agrochemicals and pesticides, and cuts and weakening of the Brazilian Institute of Environment and Renewable Natural Resources (IBAMA) and the Chico Mendes Institute for Biodiversity Conservation (ICMBio) [23].



After greenhouse gas emissions declined in Brazil by about 50% between 2004 and 2012 (as measured in millions of tons of CO2 equivalent) due to a dramatic reduction in forest clearing [2], Amazon deforestation has been increasing again since 2013 [26]. In 2021, Amazon deforestation reached an alarming rate of more than 13,000 km2, the highest recorded in the last 15 years [26]. This scenario contributes to environmental degradation and disdains the resources that Brazilian biodiversity can offer for the country’s development. Current Brazilian economic models do not contribute to environmental protection. When examining economic sectors, agriculture and livestock are the main greenhouse gas producers in Brazil [23].



Anthropogenic fires in the Pantanal and Amazon biomes, both UNESCO World Heritage Sites [27], have been increasingly frequent in recent years [28,29], with smoke reaching big cities such as Curitiba, Rio de Janeiro, and São Paulo [30]. These fires have a social impact on directly affected populations, hinder tourist activities, threaten the survival of many animal and plant species, contribute to climate change, and harm the respiratory health of populations that live even at great distances from the affected areas [28,30,31]. In the Amazon forest, fires are strongly connected with deforestation [29]. Recent data shows that since 2001, 103,079–189,755 km2 (2.2–4.1%) of the Amazon forest has been affected by fires, with multiple deleterious impacts on threatened and endemic species [32]. Fire-related impacts on Amazon biodiversity have been higher since 2019 due to the relaxation of forest protection policies, among other factors [32].



The construction of roads is also threatening biodiversity hotspots (e.g., Iguaçu National Park, a UNESCO World Heritage Site) [33] and several Indigenous lands. The Highway BR-319 reopening and eventual paving alone can affect the lives of more than 18,000 Indigenous Peoples in the Amazon region [34]. Beyond the damage caused to natural resources and human and non-human species, this scenario demonstrates that Brazil is wasting its development potential associated with biodiversity. Indeed, despite all the potential in terms of bioeconomy, few products have derived from Brazilian biodiversity so far [8]. Also, beyond the biomaterial bioeconomy (currently Brazil’s model), the country should embrace a bioecological bioeconomy, the kind of bioeconomy based on biodiversity [21].



In order to reverse this undesirable scenario mentioned above and put Brazil on the path of sustainable development, it is fundamental to face Brazilian natural resources as much more than sources of basic raw material with low added value, such as ‘wood for exportation’, which only generate ephemeral gains. Similarly, Brazilian economic development should not be based on the expansion of areas for the production of commodities and livestock [7]. Brazil must embrace sustainable development based on the innovative and bioecological bioeconomy [21].



Sustainable development is classically defined as the ability to meet our present needs without compromising the development of future generations [35]. In this context, the general definition of bioeconomy is the economic model based on bio-based products instead of fossil-based products associated with greenhouse gas (GHG) emissions. Considering its mega biodiversity, Brazil could be a leader in this economic model [8], keeping in mind that most of current Brazil’s GHG emissions (~75%) are related to agriculture, deforestation and related land-use changes [36]. It is estimated that up to 7% of Brazil’s GDP could be linked to green markets [37]. A strong and durable bioecological economy transition also needs to support actors that are not part of the major agribusiness sector, especially rural family producers and small industries focused on the sustainable development of products from Brazilian biodiversity. Instrumental, structural and discursive power may be used to develop the bioeconomy at the national level and also influence other countries on the path to sustainable development [25].



Brazilian biodiversity is a neglected source of power and sustainable development (Figure 1). Therefore, in this article, we argue that Brazilian natural resources must support sustainable development specifically in three strategic areas: (I) industry, science and technology, (II) biological conservation and maintenance of ecosystem services, considering reverberations on agriculture and public health, and (III) ecotourism, conservation and support to local populations. In other words, Brazil needs to recognize and embrace the power of its biodiversity. The potential of these three strategic areas for economic development, political influence on other countries (Soft Power), and preservation of biodiversity are summarized in the next sections. The term ‘biodiversity’ usually refers to the diversity of species, genetic resources and ecosystems in an integrated manner [38], and we adopted this concept in this article.




2. Industry, Science and Technology


Several drugs and compounds used for medical and veterinary purposes are derived from plants, animals, and fungi. Classic examples are Quinine (anti-malarial from Cinchona spp.), Artemisinin (antipyretic, anti-malarial from Artemisia annua), Morphine (analgesic from Papaver somniferum), Paclitaxel (anti-cancer from Taxus brevifolia), Curare (deep muscle relaxant from Chondodendron tomentosum), Galantamine (from Galanthus woronowii, used to treat dementia), Jaborandi (saliva stimulant from Pilocarpus jaborandi), Acetylsalicylic acid (analgesic and antipyretic from Salix spp.), and Penicillin (antibiotic from Pencillium spp.) [39,40]. In total, ~35% of medicines manufactured by the global pharmaceutical industry are derived from natural products [41].



The study of animal species occurring in Brazil has already brought some important advances in the medical field. Captopril, a drug used worldwide to treat hypertension, is derived from the bradykinin peptide found in the venom of Bothrops jararaca, a snake that occurs in many regions of Brazil. Peptides derived from snake venom and other animal toxins have much potential for drug development in many medical fields [8,42]. If we consider the 2000–2013 period, eight genera of Brazilian venomous animal species were involved in patent applications (i.e., Crotalus, Lachesis, Bothrops, Loxosceles, Phoneutria, Tityus, Acanthoscurria, and Phyllomedusa), totaling 55 patents [43]. Brazil held the highest percentage of patent applications involving venoms from animal species found in the country (49%), followed by the USA (16%) and Germany (15%), with Russia, France, Argentina, China, Spain, Ireland, Mexico, Singapore and Israel accounting for the rest of the patent applications. Although some advances have been made to explore the Brazilian fauna technologically, they are still very modest, considering the huge fauna diversity observed in the country [43].



The Brazilian flora also provides molecules, compounds, extracts and oils that are used or being investigated for the development of cosmetics, ‘green’ solvents, fragrances, food supplements, nutraceuticals [8,44], phytotherapeutic agents [41], drugs for inflammation, allergic, respiratory, digestive, dermatologic, parasitic, bacterial and viral diseases [45], as well as for the preparation of traditional medicines and remedies.



Many Brazilian medicinal plants already had their effectiveness evidenced by scientific studies [46,47]. Concerning this aspect, Kielmeyera variabilis (Clusiaceae) is used in Brazilian folk medicine for the treatment of many types of tropical diseases and is being tested as a potential anti-Staphylococcus aureus strains resource [8]. Beyond traditional medicine, ‘Aroeira’ (Schinus molle), ‘Andiroba’ (Carapa guaianiensis), ‘Babassu’ (Orbignya oleifera), and ‘Carqueja-doce’ (Stenachaenium megapotamicum) are some examples of plants found in Brazil that provide vegetable oils for nano emulsions with varied biological applications, including antibacterial, antiparasitic, antifungal, and anti-inflammatory activities [44]. Furthermore, extracts from Brazilian plant species are being investigated as sources of new drugs for cancer treatment [48,49].



In addition to being important sources for the medical and cosmetic industry, components of the Brazilian fauna and flora have a huge potential to be applied in other fields. For example, limonene (a component of citric fruit oils) is considered an innovative ‘green’ chemical with a variety of applications. Limonene can be used for the production of bio-based solvents, cleaning agents, and plant-based pesticides [8]. Venoms, toxins and derivatives from species found in Brazil have already been cited in patents for ‘methods and kits’ with varied applications [43]. The potential of biodiversity is increasingly attracting industry interest. Currently, a Brazilian biotech company prospects Brazil’s marine chemical diversity for a wide range of industry innovations [50].



The Brazilian Agricultural Research Corporation (Embrapa), the Oswaldo Cruz Foundation (Fiocruz) and other Brazilian institutions maintain collections of germplasm, fungi and microorganisms of agricultural and industrial importance [51]. In this sense, Brazilian fungi diversity has an important potential to be used in biomass degradation processes and other biotechnological applications [52]. Microorganisms can also be used in biological pest control in agricultural practice, a strategy already used successfully in various Brazilian regions [53]. Finally, environment-derived microorganisms, natural molecules and genetic resources can be used to develop technological processes for food production, plant breeding [38,54], and bioremediation strategies [55,56]. The examples mentioned above show applications of Brazilian biodiversity far beyond the classical medical field.



More than 25% of the Brazilian population makes direct use of components of Brazil’s biodiversity. However, this use is generally associated with low-technology extractive activities [57]. In this sense, there is a growing consumption of Non-Conventional Food Plants (Plantas Alimentícias Não Convencionais [PANC]) in Brazil. It is estimated that Brazilian biodiversity has more than 3000 PANC species, and the guide to identification, nutritional aspects and cooking recipes of PANC in Brazil lists detailed information concerning 351 species [58]. There is an enormous potential for the use of many of these plants in the food industry, which is still under-explored.



Increasing the participation of Brazilian biodiversity in the development of processes and products of high technological content will help to expand and consolidate the participation of bio-based products in the Brazilian economy and also contribute to advances in the social sphere [57]. Brazil has less than 700 scientists per million inhabitants, which is a low proportion compared to those observed in countries with high technological, social and economic development, such as South Korea (6.457/million), Denmark (7.265/million), and Finland (7.188/million). These data indicate that social and economic development is linked to scientific and technological advances [59]. For these reasons, the bioeconomy should be seen as an opportunity to advance economic, scientific, technological and social aspects in Brazil in an integrated manner [60]. Brazil has a competitive advantage in this regard, as it has much more expressive biodiversity than that observed in several other countries [57].



In this context, basic scientific knowledge is fundamental for sustainable development to be implemented on a national scale. Looking at the data from the period between 1996 and 2021 by world countries, Brazil is currently the 14th country according to the number of published scientific articles [61]. Considering only the production of the year 2021, Brazil maintains the 14th position [61]. The study of Brazilian biodiversity can contribute to Brazil increasing both the number of scientific articles as well as the quality of science developed in the country [62], which is still necessary once Brazil’s h-index (=690) is the 23rd in the world ranking [61]. Actions focused on ‘smart’ development are still concentrated in big Brazilian cities [63], and it is also necessary to move these actions to smaller cities. This can be done, for example, by strengthening public universities and research institutes located in these cities.



Brazilian natural products have an important impact on the national bioeconomy, although this potential is underused [8]. Recently, Brazil has been considered one of the main countries concerning the potential for the future discovery of terrestrial vertebrate species [64]. The prospection of natural compounds from the Brazilian fauna and flora should be seen as a way to generate high-value-added products and development of new drugs and biotechnological processes, contributing to the advancement of industry, science and technology. This strategy would value the Brazilian biodiversity and generate low environmental impacts when compared to the extraction of wood and minerals for exportation, a pervasive and archaic practice in the country, especially in regions like the Amazon forest.



Strategies such as The Amazon Third Way initiative (‘Amazonia 4.0′) help to promote the Brazilian biodiversity as a driving force for a technological and sustainable economy, using the Amazon’s biological and human resources to produce new materials, processes and knowledge to promote social inclusion and respect for Indigenous Peoples and local communities, moving Amazon forest beyond initiatives for environmental conservation (The First Way) and a source of land for crops and livestock (The Second Way). The Amazon Third Way initiative connects conservation purposes with physical, digital and biological technologies, a strategy aligned with the 4th Industrial Revolution [65]. Açaí (Euterpe oleracea) agroforestry systems add significant gains to the economy of the Amazon region each year, in addition to contributing to the conservation of the Forest [66,67]. In addition to being exported to different countries for human consumption, açaí is already used in the manufacture of cosmetics and medical products [68]. The economic gains and jobs generated by the collection, processing, export and domestic demands of Brazil nut (Bertholletia excelsa) products, as well as the production of Amazon biodiversity-derived cosmetics by a Brazilian multinational company [65,69], are just a few successful examples aligned with The Amazon Third Way, involving the participation of local communities, especially during the collection and processing stages, and technological development [65]. Similar strategies should embrace other Brazilian biomes, helping to diversify the bioeconomy in different regions of Brazil.




3. Biological Conservation and Maintenance of Ecosystem Services: Reverberations on Agriculture and Public Health


The world population has progressed significantly, considering the reduction of poverty and the increase in the global GDP, which has doubled since 1970 [70]. However, these advances in living conditions have not been accompanied by the maintenance of environmental quality. It is estimated that 90% of biodiversity loss and water stress is a result of the extraction and processing of natural resources [70]. Most of these resources are removed from developing countries’ ecosystems and destined for developed countries, fueling environmental degradation, social inequalities, and environmental injustice. In this sense, Brazil is among the world’s leading extractors and exporters of natural resources, which has a huge impact on its biodiversity and ecosystems [70].



Brazilian biomes are responsible for several ecosystem services fundamental to the maintenance of life on Earth. For example, the Amazon rainforest contributes to the capture of atmospheric carbon, maintaining carbon stocks in the trees and soil (around 100 billion tons), thus regulating the Earth’s climate and preventing climate change [71]. In addition, the Amazonian biome is responsible for cycling an immense volume of water and maintaining the so-called ‘flying rivers’ (moisture corridors) [23,72]. The Amazon basin releases ~20 billion tons of water into the atmosphere each day. Only one large tree can put 1000 L of water into the atmosphere/per day through evapotranspiration [73]. The Amazon’s flying rivers carry atmospheric water to the South and Southeast regions of Brazil, a pivotal process for agricultural production and Brazilian water security [23,72]. The Amazon is estimated to contribute 70% of the annual mean input of water vapor to the La Plata basin [74]. Therefore, agricultural activities in Brazil would be enormously impacted if the Amazon-associated water cycle is deregulated.



Biodiverse environments also sustain pollination, ensure biological control of crop pests, and promote food security [7]. Moreover, maintaining the richness and abundance of Brazilian biodiversity (less human-disturbed habitats) contributes to the control of infectious diseases through the dilution effect and other ecological mechanisms, reducing the abundance and diversity of zoonotic vertebrate animals, disease vectors and pathogen transmission in a given area. As a consequence, these processes reduce the risk of spillover events (cross-species pathogen transmission) and the emergence of zoonotic infectious diseases. On the other hand, biodiversity loss increases the risk of such diseases [75,76,77]. Around 75% of emerging infectious diseases result from pathogens that ‘jump’ from an animal species into the human population [75,77]. In association with biodiversity loss, climate change will favor spillover events. It was recently projected that by the year 2070, climate change could trigger more than 4000 spillover opportunities [78]. These data reinforce that risks for the emergence of new disease outbreaks and even pandemics are on the rise.



Simply put, the preservation of Brazilian biodiversity is essential for maintaining ecosystem services and natural resources that contribute to economic development [8] and multiple aspects of public health, including the reduction of pollution and infectious disease prevention and control [79]. Low-carbon agriculture, precision agriculture and payments for ecosystem services in agricultural systems are some emerging strategies that can help develop a sustainable economy in Brazil [80,81,82]. From a global perspective, a Brazilian development model focused on the conservation and maintenance of ecosystem services would contribute to global stability in terms of climate, water, food production, and planetary health. This approach is in line with the ‘Nexus concept’ of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES), which recognizes the ‘interlinkages among biodiversity, water, food and health’ [83].




4. Ecotourism, Conservation and Sustainable Development of Local Populations


The Brazilian diversity in terms of fauna, flora and geological aspects creates exuberant and exotic landscapes, making Brazil a tourism hub, although ecotourism activities are still underdeveloped in the country [84,85]. Ecotourism activities occur in only 4% of the Brazilian private reserves [84]. Brazil also has specific ecotourism niches (e.g., primate watching) that are still poorly explored [86]. Tourism is a driving force for the creation of protected areas in many countries (e.g., USA, Canada [87]), although the main focus of protected areas in Brazil is on environmental conservation, without necessarily excluding public use for tourist activities in accordance with conservation rules [87]. According to Souza et al. [88], tourism activities in protected areas support more than 43,000 jobs. However, there is still a lot of room for growth, with significant economic benefits. It is estimated that USD 7 is generated for each USD 1 invested in protected areas [88]. Ecotourism in protected areas currently represents USD 473 million in value added to Brazil’s GDP. These values are generated by the economic contributions of visitor spending in accommodation, meals, local transportation, guided tours, retail stores, and other expenses [88]. Examples from other countries show that the potential for ecotourism-related gains can be even higher. In the USA and Canada, the economic significance related to ecotourism in protected areas represents USD 32 billion and USD 2.5 billion per year, respectively [88]. Costa Rica harbors 5% of the world’s biodiversity and is a leading ecotourism destination, with ecotourism-related activities playing a huge role in the country’s economy (USD 2.85 billion annually), benefiting low-income and rural communities [89]. Of note, nature-based tourism activities are not limited to protected areas and can be developed at national, regional and local levels. The development of sustainable tourist activities with the participation of local communities has the potential to bring a source of income and development to these communities, in addition to sensitizing tourists and local populations concerning the broad value associated with biodiversity and environmental conservation [86,87,90]. Ecotourism can be considered a win-win strategy since it associates conservation and human needs [90].



In Brazil, specific ecotourism projects (e.g., ‘Projeto TAMAR’, the Brazilian Sea Turtle Conservation Program) and places like the Pantanal region and Bonito (a city in Mato Grosso do Sul State) are good examples of how ecotourism can work properly, with important economic and social gains to the local populations, showing that biodiversity can be a driving force of economic and social security [38,90], although there are an amazingly low number of such ecotourism sites considering Brazil’s enormous biodiversity. Incentive policies for ecological and sustainable tourism should gain prominence in the Brazilian development model.



Beyond ecotourism, conserved forest areas can support forest carbon trading. The selling of carbon emission credits can generate economic profits equivalent to or even greater than environmentally harmful activities, like logging [91,92], preventing deforestation-related ecological damages and directly benefiting populations and landowners involved in the conservation of these areas. Profits from the carbon market may replace profits from exploratory activities (e.g., cattle ranching, logging) even in the Amazon region [92,93]. Brazil has more than 566,100 hectares of road margins with potential for restoration, corresponding to USD 202 million to USD 26.5 billion in the carbon market [94]. The carbon emission trade is mostly neglected in Brazil [94], but it should be popularized and gain relevance in the country as an additional way to ensure the development of the bioeconomy. It was estimated that by 2030 the potential of Brazil’s carbon markets would represent values ranging from USD 493 million to USD 100 billion if considering the entire country [95]. There are issues in the carbon market that need to be solved, including regulation and pricing control [96]. However, beyond the potential economic profits associated with the carbon trade, the maintenance and even restorations of Brazilian natural landscapes could contribute to containing biodiversity loss and reduce the risks of extreme climate events [71,97] and the spread of zoonotic diseases [79].




5. Additional Reasons for Preserving Biodiversity


Biodiversity brings other benefits in addition to those mentioned above, but they are often overlooked because non-utilitarian benefits are difficult to measure, such as the contribution of natural landscapes and green areas to human well-being, sustainable lifestyles and many aspects of health, including improvements in respiratory, mental, immunological, and cardiovascular health [98,99]. Beyond that, the aesthetic and cultural value of natural landscapes should be enough to justify conservation actions [100]. Brazilian biomes are part of the culture of Brazilians and must be preserved for such reasons. Highlighting the aesthetic value of natural landscapes can help engage people in initiatives of biodiversity conservation [100].



Plant, animal and even microbial diversity have intrinsic value. In other words, species simply have a right to exist, far beyond their potential utilitarian value to industrialized populations. The same is true for Indigenous Peoples and local communities living in biodiverse areas like the Amazon forest. These populations have a strong intrinsic value, and this should be enough to justify their protection [38,101].



In brief, biodiversity has (I) instrumental, (II) relational and (III) intrinsic values [102]. Based on this model, the Amazon forest contributes to the climate regulation and maintenance of the water cycle (instrumental value); it is an area of rich and ancient interactions between humans and nature (rational value); and also has value by itself regardless of any human interest (intrinsic value). Similarly, Brazil’s Pampa biome [103] is fundamental for carbon capture and preservation of grass species with importance for livestock (instrumental value); it is a biome that is part of the Gaucho culture or ‘man of the field’ (rational value) and has right of existence without any other justification (intrinsic thanks). The same model of ‘biodiversity values’ [102] can be applied to other Brazilian biomes and species in particular.



Finally, it is essential to emphasize that traditional knowledge, especially from Indigenous Peoples, is a source of cultural wealth resulting from centuries and even millennia of sustainable interaction between human beings and the natural environment. This knowledge can help humanity to face challenges in the spheres of conservation, sustainability, development, climate change adaptation, food security, and many others [104,105,106,107]. As mentioned earlier, the Brazilian federal government has systematically weakened regulations for the protection of traditional peoples and Indigenous lands. The effects of the detrimental political agenda for these populations were intensified due to the COVID-19 pandemic [18,19]. Neglecting these populations, in addition to inflicting humanistic and ethical issues, means losing an additional source of biodiversity-related wealth.




6. Final Considerations: Looking Ahead


If we think in historical terms, the COVID-19 pandemic could be considered the final milestone of the 20th century, just as World War I marked the end of the 19th century in 1918 [16]. The Brazilian nation must rethink how it will deal with its biodiversity throughout the 21st century. Brazil has already played an important role as a global leader in the environmental area, as exemplified by Brazil’s leading role in ‘Rio 92’ (Rio de Janeiro Earth Summit 1992) or by reducing the Amazon deforestation by over 80% between 2004 and 2012 [26]. During this period, Brazil was considered a leading country in sustainable development. However, Brazil’s influence on the environmental agenda has been systematically reduced [20,35,108]. According to the 2019 Global Ranking of Soft Power (‘The Soft Power 30′ index), Brazil holds the 26th position in the world [109]. However, Brazil may have a greater influence on the global scenario. Brazilian biodiversity is an important but neglected source of Soft Power [35]. If improved, it could contribute to the country’s image as a global leader, influencing the environmental policy agenda again. Beyond that, Brazilian biodiversity could be translated into abundant resources for economic, scientific and technological development with the potential to strongly influence the international scenario in several areas.



Some innovative initiatives are already contributing to achieving these goals; others need to be expanded. The Amazon Institute of Technology (AmIT, see https://amit.institute/), aims to involve Brazil and other countries of the Amazon basin in projects for sustainable development based on natural resources and traditional knowledge [110]. Also, the project ‘Amazônia: bioeconomy connections’ aims to facilitate Brazil–German partnerships focused on the bioeconomy in the Amazon region [111]. Documents such as the National Biodiversity Strategy and Action Plan (NBSAP) are important to guide Brazil’s actions on the path of sustainable development and environmental protection [112]. Brazilian institutions such as Embrapa Agroenergia are contributing to national sustainable development with high-value-added products produced from renewable raw materials [113]. The participation of BNDES, the Brazilian development bank, in the financing of bioeconomy-related initiatives is also relevant [114]. Finally, the expansion of technology parks and greater support for startups are critical actions to translate ‘biotechnological potentials’ into high-value-added products and services available on the market [115]. Table 1 summarizes solutions and initiatives to protect Brazilian biodiversity and advance sustainable development (in a complementary way) based on the documents cited throughout this article and also on experiences from other countries (e.g., Germany, Denmark, France, Costa Rica, and the USA [116]).



To strengthen these (Table 1) and other similar initiatives, the Brazilian population must elect politicians committed to environmental conservation policies, sustainable development strategies, and the continuous supply of resources for science and technology, putting in practice a translational ecology [117]. Advances in the areas of education, democracy, and social mobilization are also essential. The recent election of a new federal government (2023–2026, led by Luiz Inácio Lula da Silva) has brought optimism towards Brazil’s development in several pivotal areas, such as science, education and environmental preservation, especially considering the Amazon forest [118,119]. It is essential that Brazilian society monitor government actions in the next years, demanding ecologically sustainable solutions for national problems. Along with this, the scientific community should increase the number of studies focusing on Brazilian biodiversity. If this does not happen urgently, Brazil will lose valuable development resources and opportunities to act as a global leader in the environmental area. Following this undesirable path, Brazil will continue to be a rich country inhabited by mostly poor people.



Finally, Brazil needs to overcome the dominance of agribusiness as the main influencer of biomaterial bioeconomy policies in the country [25] through the strengthening of a greater number of small actors linked to sustainable development. Brazil also needs to move away from pseudo-development models that consider natural resources to be cheap and raw materials of a primary economy. The country will not reach full development by mostly exporting products such as grains, meat, wood or minerals to other countries. Brazil must recognize and intelligently embrace its natural wealth, developing the powers of biodiversity sustainably.







Author Contributions


Conceptualization, J.H.E.; investigation, J.H.E., C.A.N. and J.A.B.C.; writing—original draft preparation, J.H.E.; writing—review and editing, J.H.E., C.A.N. and J.A.B.C.; visualization, J.H.E.; supervision, J.A.B.C.; project administration, J.H.E. All authors have read and agreed to the published version of the manuscript.




Funding


J.H.E. receives a postdoctoral fellowship from Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (Programa Nacional de Pós-Doutorado–PNPD/CAPES, Brazil). C.A.N. receives a research fellowship from Conselho Nacional de Desenvolvimento Científico e Tecnológico-CNPq (Bolsa de Produtividade em Pesquisa-Nível 1A, CNPq, Brazil). J.A.B.C. receives a research fellowship from CNPq (Bolsa de Produtividade em Pesquisa-Nível 1A, CNPq, Brazil) and has a research project funded by CAPES (CAPES AUXPE 686/2020; Brazil).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Conflicts of Interest


C.A.N. is a Scientific Advisor of Instituto AMAZÔNIA 4.0 and is a member of Amazon Institute of Technology (AmIT). No other conflict of interest to declare.




References


	



World Bank. Gross Domestic Product Ranking Table 2020, Updated on 1 July 2021. Available online: https://datacatalog.worldbank.org/dataset/gdp-ranking (accessed on 18 June 2022).

	



OECD—Organisation for Economic Co-Operation and Development. Environmental Performance Reviews—Brazil: Highlights 2015; OECD: Paris, France, 2015. [Google Scholar]

	



Butler, R.A. Mongabay—The Top 10 Most Biodiverse Countries: What Are the World’s Most Biodiverse Countries? 2016. Available online: https://news.mongabay.com/2016/05/top-10-biodiverse-countries/ (accessed on 24 August 2021).

	



Fernandez, G.B.; da Rocha, T.B.; Barboza, E.G.; Dillenburg, S.R.; Rosa, M.L.C.C.; Ângulo, R.J.; de Souza, M.A.; de Oliveira, L.H.S.; Dominguez, J.M.L. Natural Landscapes Along Brazilian Coastline. In The Physical Geography of Brazil. Geography of the Physical Environment; Salgado, A., Santos, L., Paisani, J., Eds.; Springer: Cham, Switzerland, 2019. [Google Scholar] [CrossRef]

	



Couto, E.C.G.; da Silveira, F.L.; Rocha, G.R.A. Marine biodiversity in Brazil: The current status. Gayana 2003, 67, 327–340. [Google Scholar] [CrossRef]

	



Scarano, F.R. Rock outcrop vegetation in Brazil: A brief overview. Braz. J. Bot. 2007, 30, 561–568. [Google Scholar] [CrossRef]

	



Metzger, J.P.; Bustamante, M.M.C.; Ferreira, J.; Fernandes, G.W.; Librán-Embid, F.; Pillar, V.D.; Prist, P.R.; Rodrigues, R.R.; Vieira, I.C.G.; Overbeck, G.E. 407 scientist signatories. Why Brazil needs its Legal Reserves. Perspect. Ecol. Conserv. 2019, 17, 91–103. [Google Scholar] [CrossRef]

	



Valli, M.; Russo, H.M.; Bolzani, V.S. The potential contribution of the natural products from Brazilian biodiversity to bioeconomy. An. Acad. Bras. Cienc. 2018, 90, 763–778. [Google Scholar] [CrossRef]

	



Carvalho, A.B.; Moraes, G.I. The Brazilian coastal and marine economies: Quantifying and measuring marine economic flow by input-output matrix analysis. Ocean Coast. Manag. 2021, 213, 105885. [Google Scholar] [CrossRef]

	



INPE—Instituto Nacional de Pesquisas Espaciais. 2.4.4. Como se Monitora o Desmatamento da Amazônia? 2017. Available online: http://www.inpe.br/faq/index.php?pai=6 (accessed on 9 February 2022).

	



Heringer, R. Desigualdades raciais no Brasil: Síntese de indicadores e desafios no campo das políticas públicas. Cad. Saude Publica 2002, 18, 57–65. [Google Scholar] [CrossRef]

	



McLucas, K.L. Race and inequality in Brazil: The Afro-Brazilian struggle in the racial democracy. Cult. Soc. Prax. 2005, 4, 85–90. [Google Scholar]

	



Oliveira, J.L.M.; Cohen, S.C.; Kligerman, D.C.; Cardoso, T.A.O.; Assumpção, R.S.F.V.; Barrocas, P.R.G. Os desafios do saneamento como promoção da saúde da população brasileira. Saúde Debate 2019, 43, 4–7. [Google Scholar] [CrossRef]

	



Silva, B.B.; Sales, B.; Lanza, A.C.; Heller, L.; Rezende, S. Water and sanitation are not gender-neutral: Human rights in rural Brazilian communities. Water Policy 2020, 22, 102–120. [Google Scholar] [CrossRef]

	



Assouad, L.; Chancel, L.; Morgan, M. Extreme Inequality: Evidence from Brazil, India, the Middle East, and South Africa. AEA Pap. Proc. 2018, 108, 119–123. [Google Scholar] [CrossRef]

	



Schwarcz, L.M. Quando Acaba o Século XX; Companhia das Letras: São Paulo, Brazil, 2020. [Google Scholar]

	



Díaz, S.; Malhi, Y. Biodiversity: Concepts, patterns, trends, and perspectives. Annu. Rev. Environ. Resour. 2022, 47, 31–63. [Google Scholar] [CrossRef]

	



Ferrante, L.; Fearnside, P.M. Brazil’s new president and ‘ruralists’ threaten Amazonia’s environment, traditional peoples and the global climate. Environ. Conserv. 2019, 46, 261–263. [Google Scholar] [CrossRef]

	



Santos, R.A.; Severo, D.O.; Hoefel, M.G.L. Bolsonaro’s hostility has driven Brazil’s Indigenous peoples to the brink. Nature 2020, 584, 524. [Google Scholar] [CrossRef]

	



Tollefson, J. Illegal mining in the Amazon hits record high amid Indigenous protests. Nature 2021, 598, 15–16. [Google Scholar] [CrossRef] [PubMed]

	



Bugge, M.M.; Hansen, T.; Klitkou, A. What Is the Bioeconomy? A Review of the Literature. Sustainability 2016, 8, 691. [Google Scholar] [CrossRef]

	



Fearnside, P.M. Challenges for sustainable development in Brazilian Amazonia. Sustain. Dev. 2018, 26, 141–149. [Google Scholar] [CrossRef]

	



Pereira, E.J.A.L.; Ribeiro, L.C.S.; Freitas, L.F.S.; Pereira, H.B.B. Brazilian policy and agribusiness damage the Amazon rainforest. Land Use Policy 2020, 92, 104491. [Google Scholar] [CrossRef]

	



Pereira, J.C.; Viola, E. Brazilian climate policy (1992–2019): An exercise in strategic diplomatic failure. Contemp. Politics 2022, 28, 55–78. [Google Scholar] [CrossRef]

	



Bastos Lima, M.G. Corporate power in the bioeconomy transition: The policies and politics of conservative ecological modernization in Brazil. Sustainability 2021, 13, 6952. [Google Scholar] [CrossRef]

	



INPE—Instituto Nacional de Pesquisas Espaciais. TerraBrasilis, Programa de Cálculo do Desflorestamento da Amazônia (PRODES). 2022. Taxas de Desmatamento—Amazônia Legal—Estados. Available online: http://terrabrasilis.dpi.inpe.br/app/dashboard/deforestation/biomes/legal_amazon/rates (accessed on 18 June 2022).

	



UNESCO—United Nations Educational, Scientific and Cultural Organization. World Heritage Centre. World Heritage List, Brazil. 2021. Available online: http://whc.unesco.org/en/statesparties/BR (accessed on 24 August 2021).

	



Pletsch, M.A.J.S.; Silva Junior, C.H.L.; Penha, T.V.; Körting, T.S.; Silva, M.E.S.; Pereira, G.; Anderson, L.O.; Aragão, L.E.O.C. The 2020 Brazilian Pantanal fires. An. Acad. Bras. Cienc. 2021, 93, e20210077. [Google Scholar] [CrossRef]

	



Silva, S.S.; Oliveira, I.; Morello, T.F.; Anderson, L.O.; Karlokoski, A.; Brando, P.M.; Melo, A.W.F.; Costa, J.G.; Souza, F.S.C.; Silva, I.S.D.; et al. Burning in southwestern Brazilian Amazonia, 2016–2019. J. Environ. Manag. 2021, 286, 112189. [Google Scholar] [CrossRef]

	



Libonati, R.; DaCamara, C.C.; Peres, L.F.; Sander de Carvalho, L.A.; Garcia, L.C. Rescue Brazil’s burning Pantanal wetlands. Nature 2020, 588, 217–219. [Google Scholar] [CrossRef]

	



Escobar, H. Amazon fires clearly linked to deforestation, scientists say. Science 2019, 365, 853. [Google Scholar] [CrossRef] [PubMed]

	



Feng, X.; Merow, C.; Liu, Z.; Park, D.S.; Roehrdanz, P.R.; Maitner, B.; Newman, E.A.; Boyle, B.L.; Lien, A.; Burger, J.R.; et al. How deregulation, drought and increasing fire impact Amazonian biodiversity. Nature 2021, 597, 516–521. [Google Scholar] [CrossRef] [PubMed]

	



Rodrigues, M. Brazilian road proposal threatens famed biodiversity hotspot. Nature 2021, 596, 473–474. [Google Scholar] [CrossRef] [PubMed]

	



Ferrante, L.; Gomes, M.; Fearnside, P.M. Amazonian indigenous peoples are threatened by Brazil’s Highway BR-319. Land Use Policy 2020, 94, 104548. [Google Scholar] [CrossRef]

	



Abranches, S. Biological megadiversity as a tool of soft power and development for Brazil. Braz. Political Sci. Rev. 2020, 14, e0006. [Google Scholar] [CrossRef]

	



SEEG. Greenhouse Gas Emission and Removal Estimating System (2022). Total Emissions—Brazil. Available online: https://plataforma.seeg.eco.br/total_emission# (accessed on 10 February 2022).

	



Ioan, B.; Kumaran, R.M.; Larissa, B.; Anca, N.; Lucian, G.; Gheorghe, F.; Horia, T.; Ioan, B.; Mircea-Iosif, R. A panel data analysis on sustainable economic growth in India, Brazil, and Romania. J. Risk Financ. Manag. 2020, 13, 170. [Google Scholar] [CrossRef]

	



Alho, C.J.R. The value of biodiversity. Braz. J. Biol. 2008, 68, 1115–1118. [Google Scholar] [CrossRef]

	



Chivian, E. (Ed.) Biodiversity: Its Importance to Human Health. Interim Executive Summary; Center for Health and the Global Environment Harvard Medical School: Cambridge, MA, USA, 2003. [Google Scholar]

	



Howes, M.J.R.; Quave, C.L.; Collemare, J.; Tatsis, E.C.; Twilley, D.; Lulekal, E.; Farlow, A.; Li, L.; Cazar, M.E.; Leaman, D.J.; et al. Molecules from nature: Reconciling biodiversity conservation and global healthcare imperatives for sustainable use of medicinal plants and fungi. Plants People Planet 2020, 2, 463–481. [Google Scholar] [CrossRef]

	



Calixto, J.B. The role of natural products in modern drug discovery. An. Acad. Bras. Cienc. 2019, 91, e20190105. [Google Scholar] [CrossRef] [PubMed]

	



Camargo, A.C.M.; Ianzer, D.; Guerreiro, J.R.; Serrano, S.M.T. Bradykinin-potentiating peptides: Beyond captopril. Toxicon 2012, 59, 516–523. [Google Scholar] [CrossRef] [PubMed]

	



Almeida, F.M.; Pimenta, A.M.C.; Oliveira, M.C.; De Lima, M.E. Venoms, toxins and derivatives from the Brazilian fauna: Valuable sources for drug discovery. Acta Physiol. Sin. 2015, 67, 261–270. [Google Scholar] [CrossRef]

	



Bajerski, L.; Michels, L.R.; Colomé, L.M.; Bender, E.A.; Freddo, R.J.; Bruxel, F.; Hass, S.E. The use of Brazilian vegetable oils in nanoemulsions: An update on preparation and biological applications. Braz. J. Pharm. Sci. 2016, 52, 347–363. [Google Scholar] [CrossRef]

	



Balbani, A.P.S.; Silva, D.H.S.; Montovani, J.C. Patents of drugs extracted from Brazilian medicinal plants. Expert Opin. Ther. Pat. 2009, 19, 461–473. [Google Scholar] [CrossRef] [PubMed]

	



Tempone, A.G.; Sartorelli, P.; Teixeira, D.; Prado, F.O.; Calixto, I.A.R.L.; Lorenzi, H.; Melhem, M.S.C. Brazilian flora extracts as source of novel antileishmanial and antifungal compounds. Mem. Inst. Oswaldo Cruz 2008, 103, 443–449. [Google Scholar] [CrossRef] [PubMed]

	



Ricardo, L.M.; Paula-Souza, J.; Andrade, A.; Brandão, M.G.L. Plants from the Brazilian Traditional Medicine: Species from the books of the Polish physician Piotr Czerniewicz (Pedro Luiz Napoleão Chernoviz, 1812–1881). Rev. Bras. Farmacogn. 2017, 27, 388–400. [Google Scholar] [CrossRef]

	



Younes, R.N.; Varella, A.D.; Suffredii, I.B. Discovery of new antitumoral and antibacterial drugs from brazilian plant extracts using high throughput screening. Clinics 2007, 62, 763–768. [Google Scholar] [CrossRef]

	



Rosa, M.N.; Silva, L.R.V.; Longato, G.B.; Evangelista, A.F.; Gomes, I.N.F.; Alves, A.L.V.; de Oliveira, B.G.; Pinto, F.E.; Romão, W.; de Rezende, A.R.; et al. Bioprospecting of natural compounds from Brazilian Cerrado biome plants in human cervical cancer cell lines. Int. J. Mol. Sci. 2021, 22, 3383. [Google Scholar] [CrossRef]

	



Regenera Moléculas do Mar. 2022. Available online: https://regeneramoleculas.com.br/ (accessed on 28 November 2022).

	



Da Silva, M.; Chame, M.; Moratelli, R. Fiocruz Biological Collections: Strengthening Brazil’s biodiversity knowledge and scientific applications opportunities. Biodivers. Data J. 2020, 8, e53607. [Google Scholar] [CrossRef]

	



Valencia, E.Y.; Chambergo, F.S. Mini-review: Brazilian fungi diversity for biomass degradation. Fungal Genet. Biol. 2013, 60, 9–18. [Google Scholar] [CrossRef] [PubMed]

	



Alves, R.T. Controle biológico de insetos-praga. In Biotecnologia: Estado da Arte e Aplicações na Agropecuária; Faleiro, F.G., de Andrade, S.R.M., dos Reis Junior, F.B., Eds.; Embrapa Cerrados: Planaltina, Brazil, 2011. [Google Scholar]

	



Corlett, R.T. Safeguarding our future by protecting biodiversity. Plant Divers. 2020, 42, 221–228. [Google Scholar] [CrossRef] [PubMed]

	



Ghizelini, A.M.; Mendonça-Hagler, L.C.S.; Macrae, A. Microbial diversity in Brazilian mangrove sediments—A mini review. Braz. J. Microbiol. 2012, 43, 1242–1254. [Google Scholar] [CrossRef] [PubMed]

	



Waite, C.C.C.; da Silva, G.O.A.; Bitencourt, J.A.P.; Sabadini-Santos, E.; Crapez, M.A.C. Copper and lead removal from aqueous solutions by bacterial consortia acting as biosorbents. Mar. Pollut. Bull. 2016, 109, 386–392. [Google Scholar] [CrossRef]

	



Brasil—Ministério da Ciência, Tecnologia, Inovações e Comunicações. Estratégia Nacional de Ciência, Tecnologia e Inovação 2016/2022. Ciência, Tecnologia e Inovação para o Desenvolvimento Econômico e Social; Ministério da Ciência, Tecnologia, Inovações e Comunicações: Brasília, Brazil, 2016.

	



Kinupp, V.F.; Lorenzi, H. Plantas Alimentícias Não Convencionais (PANC) no Brasil: Guia de Identificação, Aspectos Nutriconais e Receitas Ilustradas; Instituto Plantarum de Estudos da Flora: São Paulo, Brazil, 2014. [Google Scholar]

	



Fernandes, A.C.S. Brazilian social and economic development depends on science. Braz. J. Med. Hum. Health 2017, 5, 88–89. [Google Scholar] [CrossRef]

	



Academia Brasileira de Ciências. Ciência, Tecnologia, Economia e Qualidade de Vida para o Brasil—Documento da ABC aos Candidatos à Presidência do Brasil; Academia Brasileira de Ciências: Rio de Janeiro, Brazil, 2018. [Google Scholar]

	



SCImago SJR—SCImago Journal & Country Rank (2022). Available online: https://www.scimagojr.com/countryrank.php (accessed on 18 June 2022).

	



Rosa, C.; Baccaro, F.; Cronemberger, C.; Hipólito, J.; Barros, C.F.; Rodrigues, D.J.; Neckel-Oliveira, S.; Overbeck, G.E.; Drechsler-Santos, E.R.; Anjos, M.R.D.; et al. The Program for Biodiversity Research in Brazil: The role of regional networks for biodiversity knowledge, dissemination, and conservation. An. Acad. Bras. Cienc. 2021, 93, e20201604. [Google Scholar] [CrossRef]

	



Machado Junior, C.; Ribeiro, D.M.N.M.; Pereira, R.S.; Bazanini, R. Do Brazilian cities want to become smart or sustainable? J. Clean. Prod. 2018, 199, 214–221. [Google Scholar] [CrossRef]

	



Moura, M.R.; Jetz, W. Shortfalls and opportunities in terrestrial vertebrate species discovery. Nat. Ecol. Evol. 2021, 5, 631–639. [Google Scholar] [CrossRef]

	



Nobre, I.; Nobre, C.A. The Amazonia Third Way Initiative: The Role of Technology to Unveil the Potential of a Novel Tropical Biodiversity-Based Economy. In Land Use—Assessing the Past, Envisioning the Future; Loures, L.C., Ed.; IntechOpen: London, UK, 2018; pp. 183–213. [Google Scholar] [CrossRef]

	



Yamada, M.; Gholz, H.L. An evaluation of agroforestry systems as a rural development option for the Brazilian Amazon. Agrofor. Syst. 2002, 55, 81–87. [Google Scholar] [CrossRef]

	



Damasco, G.; Anhalt, M.; Perdiz, R.O.; Wittmann, F.; de Assis, R.L.; Schöngart, J.; Piedade, M.T.F.; Bacon, C.D.; Antonelli, A.; Fine, P.V.A. Certification of açaí agroforestry increases the conservation potential of the Amazonian tree flora. Agrofor. Syst. 2022, 96, 407–416. [Google Scholar] [CrossRef]

	



Oliveira, M.S.P.; Schwartz, G. Açaí—Euterpe oleracea. In Exotic Fruits Reference Guide; Rodrigues, S., Silva, E.O., Brito, E.S., Eds.; Elsevier, Academic Press: Cambridge, MA, USA, 2018. [Google Scholar] [CrossRef]

	



Baldoni, A.B.; Wadt, L.H.O.; Pedrozo, C.Â. Brazil Nut (Bertholletia excelsa Bonpl.) Breeding. In Advances in Plant Breeding Strategies: Nut and Beverage Crops; Al-Khayri, J., Jain, S., Johnson, D., Eds.; Springer: Cham, Switzerland, 2019. [Google Scholar] [CrossRef]

	



United Nations Environment Programme. Global Resources Outlook 2019: Natural Resources for the Future We Want; Oberle, B., Bringezu, S., Hatfield-Dodds, S., Hellweg, S., Schandl, H., Clement, J., Cabernard, L., Che, N., Chen, D., Droz-Georget, H., et al., Eds.; A Report of the International Resource Panel; United Nations Environment Programme: Nairobi, Kenya, 2019. [Google Scholar]

	



Fearnside, P.M. Amazon Forest maintenance as a source of environmental services. An. Acad. Bras. Cienc. 2008, 80, 101–114. [Google Scholar] [CrossRef]

	



Marengo, J.A. On the hydrological cycle of the Amazon Basin: A historical review and current state-of-the-art. Rev. Bras. Meteorol. 2006, 21, 1–19. [Google Scholar]

	



Nobre, A.D. O Futuro Climático da Amazônia—Relatório de Avaliação Científica; Articulación Regional Amazônica: Sao Paulo, Brazil, 2014. [Google Scholar]

	



Van der Ent, R.J.; Savenije, H.H.G.; Schaefli, B.; Steele-Dunne, S.C. Origin and fate of atmospheric moisture over continents. Water Resour. Res. 2010, 46, WO9525. [Google Scholar] [CrossRef]

	



Ellwanger, J.H.; Chies, J.A.B. Zoonotic spillover: Understanding basic aspects for better prevention. Genet. Mol. Biol. 2021, 44, e20200355. [Google Scholar] [CrossRef] [PubMed]

	



Keesing, F.; Ostfeld, R.S. Impacts of biodiversity and biodiversity loss on zoonotic diseases. Proc. Natl. Acad. Sci. USA 2021, 118, e2023540118. [Google Scholar] [CrossRef] [PubMed]

	



Ellwanger, J.H.; Fearnside, P.M.; Ziliotto, M.; Valverde-Villegas, J.M.; Veiga, A.B.G.; Vieira, G.F.; Bach, E.; Cardoso, J.C.; Müller, N.F.D.; Lopes, G.; et al. Synthesizing the connections between environmental disturbances and zoonotic spillover. An. Acad. Bras. Cienc. 2022, 94, e20211530. [Google Scholar] [CrossRef]

	



Carlson, C.J.; Albery, G.F.; Merow, C.; Trisos, C.H.; Zipfel, C.M.; Eskew, E.A.; Olival, K.J.; Ross, N.; Bansal, S. Climate change increases cross-species viral transmission risk. Nature 2022, 607, 555–562. [Google Scholar] [CrossRef]

	



Ellwanger, J.H.; Kulmann-Leal, B.; Kaminski, V.L.; Valverde-Villegas, J.M.; Veiga, A.B.G.; Spilki, F.R.; Fearnside, P.M.; Caesar, L.; Giatti, L.L.; Wallau, G.L.; et al. Beyond diversity loss and climate change: Impacts of Amazon deforestation on infectious diseases and public health. An. Acad. Bras. Cienc. 2020, 92, e20191375. [Google Scholar] [CrossRef]

	



Hall, A. Paying for environmental services: The case of Brazilian Amazonia. J. Int. Dev. 2008, 20, 965–981. [Google Scholar] [CrossRef]

	



Gebbers, R.; Adamchuk, V.I. Precision agriculture and food security. Science 2010, 327, 828–831. [Google Scholar] [CrossRef]

	



Brazil—Ministry of Agriculture, Livestock and Food Supply. Plan for Adaptation and Low Carbon Emission in Agriculture Strategic Vision for a New Cycle/Secretariat for Innovation, Rural Development and Irrigation; MAPA: Brasília, Brazil, 2021.

	



IPBES—Intergovernmental Science—Policy Platform on Biodiversity and Ecosystem Services (2022). Nexus Assessment. Available online: https://ipbes.net/nexus (accessed on 9 November 2022).

	



Pegas, F.V.; Castley, J.G. Ecotourism as a conservation tool and its adoption by private protected areas in Brazil. J. Sustain. Tour. 2014, 22, 604–625. [Google Scholar] [CrossRef]

	



D’Cruze, N.; Machado, F.C.; Matthews, N.; Balaskas, M.; Carder, G.; Richardson, V.; Vieto, R. A review of wildlife ecotourism in Manaus, Brazil. Nat. Conserv. 2017, 22, 1–16. [Google Scholar] [CrossRef]

	



Lebrão, C.; Rosa, L.M.V.; Paim, F.P.; Nassar, P.M.; El Bizri, H.R.; Silva, F.E. Community-based ecotourism and primate watching as a conservation tool in the Amazon rainforest. Int. J. Primatol. 2021, 42, 523–527. [Google Scholar] [CrossRef]

	



Matheus, F.S.; Raimundo, S. The results of ecotourism policies in protected areas in Brazil and Canada. Rev. Bras. Pesq. Tur. 2017, 11, 454–479. [Google Scholar] [CrossRef]

	



Souza, T.V.S.; Thapa, B.; Rodrigues, C.G.O.; Imori, D. Economic impacts of tourism in protected areas of Brazil. J. Sustain. Tour. 2018, 27, 735–749. [Google Scholar] [CrossRef]

	



Sanchez, R.V. Conservation strategies, protected areas, and ecotourism in Costa Rica. J. Park Recreat. Adm. 2018, 36, 115–128. [Google Scholar] [CrossRef]

	



Stronza, A.; Pêgas, F. Ecotourism and conservation: Two cases from Brazil and Peru. Hum. Dimens. Wildl. 2008, 13, 263–279. [Google Scholar] [CrossRef]

	



Laurance, W.F. A new initiative to use carbon trading for tropical forest conservation. Biotropica 2007, 39, 20–24. [Google Scholar] [CrossRef]

	



Lamarca Junior, M.R.; Silva, C.R.L. O mercado de carbono como instrumento de conservação da floresta Amazônica. Rev. Econ. Mackenzie 2009, 7, 63–83. [Google Scholar]

	



Butler, R.A. Mongabay—Is Amazon Conservation Worth More Than Clearing for Cattle or Soy? 2007. Available online: https://news.mongabay.com/2007/10/is-amazon-conservation-worth-more-than-clearing-for-cattle-or-soy/ (accessed on 10 February 2022).

	



Fernandes, G.W.; Banhos, A.; Barbosa, N.P.U.; Barbosa, M.; Bergallo, H.G.; Loureiro, C.G.; Overbeck, G.E.; Solar, R.; Strassburg, B.B.N.; Vale, M.M. Restoring Brazil’s road margins could help the country offset its CO2 emissions and comply with the Bonn and Paris Agreements. Perspect. Ecol. Conserv. 2018, 16, 105–112. [Google Scholar] [CrossRef]

	



International Chamber of Commerce (Brasil)—The World Business Organization. Opportunities for Brazil in Carbon Markets. Executive Summary 2021; International Chamber of Commerce: Sao Paulo, Brazil, 2021. [Google Scholar]

	



Fearnside, P.M. Quantificação do serviço ambiental do carbono nas florestas amazônicas brasileiras. Oecol. Bras. 2008, 12, 743–756. [Google Scholar] [CrossRef]

	



Nazareno, A.G.; Laurance, W.F. Brazil’s drought: Beware deforestation. Science 2015, 347, 1427. [Google Scholar] [CrossRef] [PubMed]

	



Carrus, G.; Scopelliti, M.; Lafortezza, R.; Colangelo, G.; Ferrini, F.; Salbitano, F.; Agrimi, M.; Portoghesi, L.; Semenzato, P.; Sanesi, G. Go greener, feel better? The positive effects of biodiversity on the well-being of individuals visiting urban and peri-urban green areas. Landsc. Urban Plan. 2015, 134, 221–228. [Google Scholar] [CrossRef]

	



Aerts, R.; Honnay, O.; Van Nieuwenhuyse, A. Biodiversity and human health: Mechanisms and evidence of the positive health effects of diversity in nature and green spaces. Br. Med. Bull. 2018, 127, 5–22. [Google Scholar] [CrossRef] [PubMed]

	



Tribot, A.S.; Deter, J.; Mouquet, N. Integrating the aesthetic value of landscapes and biological diversity. Proc. Biol. Sci. 2018, 285, 20180971. [Google Scholar] [CrossRef]

	



Fearnside, P.M. The intrinsic value of Amazon biodiversity. Biodivers. Conserv. 2021, 30, 1199–1202. [Google Scholar] [CrossRef]

	



Martín-López, B. Plural Valuation of Nature Matters for Environmental Sustainability and Justice—The Royal Society. 2022. Available online: https://royalsociety.org/topics-policy/projects/biodiversity/plural-valuation-of-nature-matters-for-environmental-sustainability-and-justice/ (accessed on 27 November 2022).

	



Ellwanger, J.H.; Ziliotto, M.; Chies, J.A.B. Protect Brazil’s overlooked Pampa biome. Science 2022, 377, 720. [Google Scholar] [CrossRef]

	



Magni, G. Indigenous knowledge and implications for the sustainable development agenda. Eur. J. Educ. 2017, 52, 437–447. [Google Scholar] [CrossRef]

	



Makondo, C.C.; Thomas, D.S.G. Climate change adaptation: Linking indigenous knowledge with western science for effective adaptation. Environ. Sci. Policy 2018, 88, 83–91. [Google Scholar] [CrossRef]

	



Ogar, E.; Pecl, G.; Mustonen, T. Science must embrace traditional and Indigenous knowledge to solve our biodiversity crisis. One Earth 2020, 3, 162–165. [Google Scholar] [CrossRef]

	



Flores, B.M.; Levis, C. Human-food feedback in tropical forests. Science. 2021, 372, 1146–1147. [Google Scholar] [CrossRef] [PubMed]

	



Dobson, A.P.; Pimm, S.L.; Hannah, L.; Kaufman, L.; Ahumada, J.A.; Ando, A.W.; Bernstein, A.; Busch, J.; Daszak, P.; Engelmann, J.; et al. Ecology and economics for pandemic prevention. Science. 2020, 369, 379–381. [Google Scholar] [CrossRef] [PubMed]

	



McClory, J. The Soft Power 30: A Global Ranking of Soft Power 2019. Portland, Facebook, University of Southern California (USC) Center on Public Diplomacy. Available online: https://softpower30.com/ (accessed on 3 January 2022).

	



AmIT—Amazon Institute of Technology. 2022. Available online: https://amit.institute/ (accessed on 27 November 2022).

	



Amazônia Bioeconomy Connections. 2022. Available online: https://www.bioeconomy-connections.com/ (accessed on 27 November 2022).

	



Brazil—Ministry of the Environment, Secretariat of Biodiversity. National Biodiversity Strategy and Action Plan; Ministry of the Environment—MMA: Brasília, Brazil, 2017.

	



Embrapa Agroenergia. 2022. Available online: https://www.embrapa.br/agroenergia (accessed on 27 November 2022).

	



Pamplona, L.; Salarini, J.; Kadri, N. Potencial da bioeconomia para o desenvolvimento sustentável da Amazônia e possibilidades para a atuação do BNDES. R. BNDES 2021, 28, 55–86. [Google Scholar]

	



Carbonell, S.A.M.; Cortez, L.A.B.; Madi, L.F.C.; Anefalos, L.C.; Baldassin, R., Jr.; Leal, R.L.V. Bioeconomia Tropical—Roadmaps e Diretrizes para o Desenvolvimento da Bioeconomia no Brasil; Sian Martins Comunicação: Santo André, Brazil, 2021. [Google Scholar]

	



Centro de Gestão e Estudos Estratégicos (CGEE), Ciência, Tecnologia e Inovação. Oportunidades e Desafios da Bioeconomia: Proposta de Modelo de Governança para a Bioeconomia Brasileira; Centro de Gestão e Estudos Estratégicos: Brasília, Brazil, 2020. [Google Scholar]

	



Ellwanger, J.H.; Veiga, A.B.G.; Kaminski, V.L.; Valverde-Villegas, J.M.; Freitas, A.W.Q.; Chies, J.A.B. Control and prevention of infectious diseases from a One Health perspective. Genet. Mol. Biol. 2021, 44, e20200256. [Google Scholar] [CrossRef]

	



Moutinho, S. After Lula’s win, ‘a huge relief!’. Science 2022, 378, 464. [Google Scholar] [CrossRef]

	



Tollefson, J. Brazil election: Scientists cheer Lula victory over Bolsonaro. Nature 2022, 611, 212–213. [Google Scholar] [CrossRef]








[image: Sustainability 15 00482 g001 550] 





Figure 1. Neglected Brazil’s virtuous circle of bioeconomy and sustainable development. The Brazilian biodiversity (diversity of species, genetic resources, and ecosystems) provides fundamental ecosystem services to Earth (e.g., water cycle, climate regulation), contributes to public health (e.g., infectious disease control and prevention, pollution reduction), can support the sustainable development of many economic sectors (e.g., pharmaceutical industry, biotechnology, agriculture, ecotourism), and be a source cultural influence and Soft Power. Brazil’s map was obtained from MapChart (https://mapchart.net/), licensed under a Creative Commons—Attribution-ShareAlike 4.0 International License. 
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Table 1. Potential solutions and initiatives to protect Brazilian biodiversity and promote sustainable development.
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Main Area

	
Solutions and Initiatives 1






	
Industry, science, and technology

	
Promotion of dialogue with society for the definition and implementation of bioeconomy policies




	
Creation of an inter-ministerial group responsible for the national bioeconomy policy, with regional governments developing regional policies, funding and mobilizing actors for policy implementation




	
Increase and train human resources (scientists and technicians) qualified to recognize, classify and attribute value to biodiversity




	
Reduce social inequalities and environmental injustice




	
Direct more resources to the ‘bioecological bioeconomy’ and not only to the ‘biomaterial bioeconomy’




	
Explore the potential of biodiversity applications beyond the medical field, including agriculture, veterinary medicine, technology industry, among others




	
Ensuring the continuity of national scientific production and putting more effort into the quality of scientific publications




	
Increase funding for universities and research institutes




	
Expand technology parks and provide basic conditions for the development of new startups




	
Face scientific and technological development as a mechanism to improve the social sphere




	
Biological conservation and maintenance of ecosystem services

	
Control the Amazon deforestation and anthropogenic fires in the Brazilian biomes




	
Protect Traditional Peoples and Indigenous lands




	
Professionalize workers involved in extractive activities




	
Prioritize family farming and agroecological systems in agricultural development programs




	
Invest in low-carbon agriculture, precision agriculture and payments for ecosystem services in agricultural systems




	
Control land-use changes (e.g., mining, deforestation) in areas of high biodiversity




	
Reduce human-animal interactions that favor spillover events, such as wild animal hunting




	
Increase food and nutrition security by reducing poverty and social inequalities




	
Expand environmental education programs




	
Ecotourism, conservation and sustainable development of local populations

	
Develop ecotourism activities in both protected and non-protected areas at national, regional and local levels




	
Explore ecotourism niches (e.g., primate watching)




	
Professionalize local populations to explore the touristic potential of the regions where they live




	
Recognize the usefulness of Traditional Peoples’ knowledge for sustainable development




	
Explore the potential of Non-Conventional Food Plants (Plantas Alimentícias Não Convencionais [PANC]), valuing traditional knowledge and contributing to innovation in the food industry (especially for small family production/industry)




	
Consolidate and expand policies for ecological and sustainable tourism




	
Encourage public-private partnerships and the participation of NGOs in ecotourism activities




	
Consolidate, regulate and expand Brazil’s participation in the carbon market








1 Some solutions cited within a ‘main area’ may also apply to another area. The division made in this table is for didactic purposes only.
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